Waist circumference is recommended as a means of identifying people at risk of morbidity associated with central adiposity. Yet, there are no universally agreed cut-points to determine when a waist circumference is too large in young people. In this study we examined the relation between sex-and age-specific waist circumference cut-points, the waist-to-height ratio (WHtR) cut-point of o0.5 and cardiovascular disease (CVD) risk clustering in 164 young people, mean age 14.9±0.2 years (mean ± s.d.). In total 19 (11.6%) of the sample were identified as having CVD risk clustering. These young people were significantly (Po0.001) heavier and had higher body mass index (BMI) and waist circumference z-scores compared to those without CVD risk clustering. The WHtR cut-point of 0.5 estimated CVD risk clustering to a similar extent to sex-and age-adjusted cut-points for waist circumference and BMI. Young people with excess central adiposity (WHtRX0.5) were 11 times (OR 11.4, Po0.001), more likely to have CVD risk clustering compared to those who did not have excess central adiposity. The WHtR has several advantages; it is easy to calculate, does not require sex-and age-specific centiles and as has been previously suggested, it is a simple message, easily understood by clinicians and families, to 'keep your waist circumference to less than half your height'. 2 However, the validity of these cut-points has not been examined in relation to metabolic outcomes in adolescents. The aim of this study was to examine the relation between age-and sex-specific waist circumference cut-points based on ATP and IDF adult criteria, the WHtR cut-point of 0.5 and cardiovascular disease (CVD) risk clustering in young people.
Introduction
Waist circumference is recommended as a means of identifying people at risk of morbidity associated with central adiposity. Yet, there are no universally agreed cut-points to determine when a waist circumference is too large in young people. Recently there have been two studies that have presented cut-points for use in young people. 1 3 and a WHtR cutpoint of 0.5 has been proposed as a simple means of indicating whether the amount of central adiposity is excessive and a health risk in children. 2 However, the validity of these cut-points has not been examined in relation to metabolic outcomes in adolescents. The aim of this study was to examine the relation between age-and sex-specific waist circumference cut-points based on ATP and IDF adult criteria, the WHtR cut-point of 0.5 and cardiovascular disease (CVD) risk clustering in young people.
Participants
The young people involved in this study are participants in the longitudinal 'Nepean Study' that was designed to investigate the effects of birth size, body size and genes on blood pressure and bone mass. All were born at term at Nepean Hospital, in western Sydney, between August 1989 and April 1990 and were part of a birth cohort whose details and selection criteria have been previously published. 4, 5 Between July 2004 and March 2005, 290 young people aged 14.9 ± 0.2 years (mean ± s.d.) were recruited, of which 164 (86 boys) had a blood sample taken and blood pressure measured. This study presents results of these 164 young people. There were no significant differences in the mean height (P ¼ 0.264), weight (P ¼ 0.168), BMI (P ¼ 0.328), waist circumference (P ¼ 0.657) z-scores or WHtR (P ¼ 0.757) between those who gave blood compared to those who did not. The young people were predominately (496%) of European descent. Written informed consent was obtained from the participants' parents and both The Children's Hospital at Westmead Ethics Committee, and the Ethics Committee of the Wentworth Area Health Service approved the study.
Methods
Anthropometry Height, weight and waist circumference were measured using standard techniques. 6 Waist circumference was measured with a flexible steel tape at the level of the narrowest point between the lower costal border and the iliac crest. If there was no obvious narrowing, the measurement was taken at the midpoint between the two landmarks. 6 Z-scores from age-and sex-specific reference values were calculated for height, 7 weight, 7 BMI 7 and waist circumference. 8 Sex-and age-specific waist circumference cut-points were based on ATP and IDF adult criteria as described by Jolliffe and Janssen. 1 Overweight and obese was defined by International Obesity TaskForce (IOTF) criteria. 9 WHtR was calculated by dividing waist circumference (cm) by height (cm).
Biochemistry
Morning blood samples were obtained after an overnight fast by standard venepuncture technique. Plasma lipid and glucose profiles were measured on a Roche Modular. Glucose concentrations were measured using the hexokinase method. High-density lipoprotein cholesterol (HDL-C) and triglyceride concentrations were analysed using standard enzymatic colorimetric procedures. HDL-C was measured after polyethylene glycol precipitation of other lipoproteins. Serum samples for insulin were stored at À80 1C until assayed by radioimmunoassay using Linco's ultrasensitive human insulin kit.
Blood pressure
An automated blood pressure monitor (Dinamap XL 9301) was used to measure blood pressure. All measurements were made on the right arm with the arm supported on a pillow. The readings were performed in an air-conditioned hospital environment and the children were encouraged to sit quietly for 5 min before measurements were commenced. Three readings were taken and the means of the last two were used in the analysis.
Cardiovascular disease risk clustering CVD risk clustering was based on a previous definition used in paediatric populations 5,10 and defined as three or more of the following fasting glucose X6.1 mmol/l, triglycerides X80th centile, HDL-Cp20th centile, insulinX80th centile, systolic blood pressure (SBP)X90th centile for age, sex and height centile and overweight or obese. Cut-points for triglycerides, HDL-C, insulin were estimated from our study population.
Statistics
Data were analysed using the Statistical Package for Social Sciences, version 15.0. (SPSS, Chicago). Differences between height, weight, BMI and waist circumference z-scores were assessed by independent t-tests. Relations between BMI z-score, waist circumference z-score and WHtR were assessed by Spearman's r. w 2 -Test was used as a measure of association between categorical variables and the continuity correction statistic test was used as a measure of significance. To quantify the risk associated with increased BMI, waist circumference and a WHtRX0.5 the odds ratio was calculated.
Results
Anthropometric characteristics and the proportion of young people with excess central adiposity are shown in Table 1 . All three anthropometric measures, BMI z-score, waist circumference z-score and WHtR were highly correlated, r ¼ 0.90, Po0.001 for each correlation. In total 19 (11.6%) of young people were identified as having CVD risk clustering. As anticipated these young people were significantly (Po0.001) heavier and had higher BMI and waist circumference z-scores compared to those without CVD risk clustering.
The waist circumference cut-points based on the IDF sex and age criteria and the WHtR cut-point of 0.5 both identified 31 young people as having excess central adiposity; level of agreement between the two cut-points was 71%. Young people with excess central adiposity were 11 times (odds ratio 11.4 (95% CI: 4.0-32.5), Po0.001), more likely to have CVD risk clustering compared to their peers who did not have excess central adiposity. The cut-points based on the adult ATP waist circumference criteria are higher compared to those based on the adult IDF criteria, hence, the ATP cut-points identified less adolescents (n ¼ 15) as having CVD risk clustering. The magnitude of risk was also higher; however the precision of the measurement, as indicated by the 95% CI, was lower (odds ratio 14.3 (95% CI: 4.4-46.9), Po0.001).
All three measures of excess central adiposity estimated CVD risk clustering to a similar extent as BMI; young people who were overweight or obese (IOTF) were 10 times more likely to have CVD risk clustering (odds ratio 9.8 (95% CI: 3.1-31.5), Po0.001) compared to those who were not overweight or obese.
Discussion
The results indicate that the simple WHtR cut-point of 0.5 is as effective at predicting CVD risk clustering as sex-and age-specific IOTF BMI and waist circumference cut-points based on ATP and IDF adult criteria. The results presented are consistent with the findings from the Bogalusa Heart Study, which examined the relation between BMI, WHtR and a number of metabolic outcomes, including lipids and fasting insulin in 5 to 17-year olds. 11 However, different cut-points were used in that study for both BMI and WHtR; 95th centile for BMI 7 and 0.512 for WHtR. Many young people were identified as overweight or obese or as having excess central adiposity and did not have CVD risk clustering. This was particularly evident when the IOTF BMI cut-points were used. Total fat as measured by BMI may overestimate the number of young people at metabolic risk compared to measures of central adiposity.
There are limitations to this study. The sample size was relatively small, only included young people of a narrow age range and there were low numbers of young people with CVD risk clustering. These results need to be examined in larger population groups, across different age groups with different metabolic outcomes. A larger sample size would also allow exploration of potential sex differences. In addition, there may be sample bias; not all young people recruited during this phase agreed to have a blood sample taken. However there were no significant differences in their anthropometric characteristics and it is difficult to perceive how this would alter the outcome.
The WHtR cut-point of 0.5 has several advantages over the other measures and cut-points; it is easy to calculate, does not require sex-and age-specific centiles (which are often not readily available to clinicians) and as previously suggested, 2 it is a simple message, easily understood by clinicians and families, to 'keep your waist circumference to less than half your height'.
